Abstract. To investigate reports on war-related morbidity, 527 active-duty Gulf War veterans and 970 nondeployed veterans from 14 Seabee commands were studied in 1994 with a questionnaire, sera collection, handgrip strength, and pulmonary function testing. The questionnaire assessed postwar symptoms, war exposures, and screened for chronic fatigue syndrome, post-traumatic stress disorder, and psychological symptoms suggesting neurosis (Hopkins Symptom Checklist). Sera were tested with four nonspecific reactant assays: C-reactive protein, transferrin, ferritin, and haptoglobin. Gulf War veterans reported a higher prevalence for 35 of 41 symptoms, scored higher on psychological symptom scales, were more likely to screen for post-traumatic stress disorder, had lower handgrip strength, and had higher serum ferritin assay results. Numerous comparisons of these morbidity outcomes with 30 self-reported exposures demonstrated many associations, but no unique exposure or group of exposures were implicated. Morbidity data are consistent with other postwar observations, but the etiology for morbidity findings remains uncertain.
United States veterans of the Persian Gulf War have complained of diverse symptoms and illnesses since the fighting ceased in March 1991. Thus far, studies of mortality, [1] [2] [3] hospitalizations, 4, 5 and birth defects to progeny 6, 7 have not explained these infirmities. Thousands of systematic comprehensive clinical evaluations of these veterans at federal hospitals have failed to identify a unique syndrome or an unusual collection of symptoms. [8] [9] [10] [11] [12] After weeks of deliberation, expert scientific panels have given direction for further research [13] [14] [15] [16] but they have not satisfied the many questions surrounding the health of Gulf War veterans.
In terms of reporting postwar morbidity, some of the earliest and more vocal Gulf War veterans have been those who were attached to Naval Mobile Construction Battalion 24 during the war. 15, 17, 18 This U.S. Navy Reserve unit of approximately 600 construction workers (Seabees) served alongside several similar commands of regular active-duty Navy Seabees during the conflict.
In an effort to search for possible etiologic exposures, we compared postwar symptoms and morbidity between Gulf War veteran and nondeployed veteran Seabees who had remained on active duty since the war.
MATERIALS AND METHODS

Study population.
Mobile construction battalion personnel build and maintain U.S. Navy and Marine Corps bases, ports, field deployment facilities, and foreign embassies. These activities are accomplished through annual deployments, often involving up to six months of foreign travel. Before, during, and after the Gulf War fighting, many Seabees worked throughout Saudi Arabia in preparing airports, building ammunition supply points, constructing roads, and improving the living conditions of other deployed troops. 19 They often worked in small teams and experienced many unique environmental and geographical exposures.
Active-duty Seabees who remained in the U.S. Navy after the war and were serving at one of two large Seabee centers were selected as a study population. This population had several advantages. Seabees had served in the same tasks and at the same sites as did symptomatic Reserve Gulf War veteran Seabees. Active-duty Seabees had not been questioned regarding their exposures during the Gulf War. In contrast, Reserve Seabees had been the subject of a number of news stories and several previous symptoms surveys, which could have influenced their reporting. Active-duty Seabees' frequent routine foreign deployments provided data on epidemiologically important exposures among both Gulf War veterans and nondeployed veterans. In contrast to many large operational groups, most active-duty Seabees could be surveyed between their deployments by visiting just two U.S. sites (where all major Seabee commands are based), reducing logistical requirements for the study.
Eligibility was determined by comparing Seabee command rosters with service entry data obtained from the Defense Manpower Data Center (Seaside, CA). Members of 14 regular active-duty U.S. Navy Seabee commands at Port Hueneme, California and Gulfport, Mississippi who had served from September 1990 until the time of the survey in 1994 were eligible for this study.
Data collection. This study was approved by the Committee for the Protection of Human Subjects at the Naval Health Research Center (San Diego, CA) and endorsed by the Institute of Medicine (Washington, DC). 16 In late 1994 and early 1995, epidemiologic teams made three visits to each of the two Seabee Centers. Eligible Seabees were assembled in large classrooms where research staff explained the study's purpose and invited Seabees to participate. Written informed consent was obtained from each participant. The study consisted of an eight-page questionnaire, height and weight measurements, handgrip strength tests, the donation of clinical specimens (sera, whole blood, and cleancatch urine), and a pulmonary function test in a 20% systematic sample of subjects. The questionnaire was introduced by research staff and self-completed by the study subjects. Clinical specimens were preserved at Ϫ70ЊC. Study personnel were not informed of Gulf War status when conducting physiologic tests or serologic assays.
The questionnaire collected information regarding prewar medical history, war exposures, symptoms occurring for one or more months since July 1990, geographic service areas during the Gulf War, postwar hospitalizations, and postwar pregnancy outcomes. Exposure and symptom questions were based upon the deployment activities of Gulf War veterans and lists of potential exposure risk factors and symptoms. 13, 14, 20 Questions were also included to screen for chronic fatigue syndrome 21 and post-traumatic stress disorder. 22 Additionally, questions from the Hopkins Symptom Checklist were included to provide scoring for five psychological symptom dimensions: somatization, obsessive-compulsive, interpersonal sensitivity, depression, and anxiety. 23 This standardized, 58-item, self-report symptom inventory has been used in numerous populations to screen for symptoms and behaviors consistent with anxiety and depression neuroses. 23 Pulmonary function test. Spirometry testing was performed using a spirometer with a Fleisch-type pneumotach flow measuring device (Koko, Louisville, CO). Testing was conducted by a registered pulmonary function technologist according to the American Thoracic Society criterion: a minimum of three efforts with the best two efforts being within 5% of each other for combined forced expiratory volume in one second and forced vital capacity. The best measurements from these two efforts were corrected to body temperature and pressure saturated with water vapor. 24 Results were further adjusted for age, height, race, and smoking status.
Handgrip strength test. Height and weight measurements were made using a medical scale. Handgrip strength was measured for each individual using a hand-held dynamometer (Jamar, Lafayette, IN). The subject was instructed to use the dominant hand with the elbow bent at a 90Њ angle. 25 Three consecutive maximum efforts were averaged. Results were adjusted for age, height, gender, and race.
Nonspecific reactant serum assays. If a significant number of study Gulf War veterans were chronically ill, one might expect nonspecific reactant assays to reflect abnormalities. Four such tests were selected to evaluate study subject sera: C-reactive protein, transferrin, ferritin, and haptoglobin. These assays are sensitive markers for numerous chronic and infectious diseases. 26 The C-reactive protein, transferrin, and haptoglobin assays were performed on a Beckman Array (Beckman Coulter, Inc., Fullerton, CA) using a rate nephelometric method. 27 The ferritin assay was performed using a micro-particle enzyme immunoassay method. 28 Commercially available quality control sera with known concentrations of each analyte were included with each set of determinations.
Due to an extremely skewed data distribution, serum Creactive protein data were translated to two categories (normal range and elevated) and examined using chi-square tests. Serum ferritin, transferrin, and haptoglobin data were adjusted for gender and age and examined with linear regression techniques.
Survey reliability/validity. Reliability of the study instrument was tested by administering the survey a second time to a random-number generated sample of 131 study subjects 5-9 months subsequent to the initial survey. The medical and service records of 119 subjects were reviewed using random-number selection to validate their responses to the initial questionnaire.
Deployment data. 29 Physiologic measurements were adjusted using multivariate linear regression methods. Kappa agreement statistics were calculated for select questions among individuals who completed the survey twice, and among individuals whose medical and service records were reviewed by the investigators.
RESULTS
Demographic characteristics of participants. After informed consent was obtained, 1,497 study subjects were enrolled (527 Gulf War veterans and 970 nondeployed veterans). Unit participation ranged from 26.1% to 71.0% of eligible Seabees. Upon enrollment, approximately 20% of identified Seabees were unavailable to provide informed consent due to leave, recent transfer, recent retirement, and schedule conflicts. An estimated 53% of eligible Seabees chose to participate. There were no differences between participants and nonparticipants with respect to age group, race, marital status, and service entry intellectual aptitude scores. Anecdotal comments suggested that some nonparticpants claimed they were too busy to give the time, some loathed the phlebotomy, and some exhibited distrust of the investigators.
Surveyed Gulf War veterans were attached to 14 unique Navy commands during the Gulf War, most commonly Navy Mobile Construction Battalions 1, 3, 4, 40, and 74. They chiefly served in Bahrain, near Al Jubail or Ras Al Mishab, Saudi Arabia. Less than 25 Seabees were stationed on board Navy warships during any one month of the Gulf War period.
The demographic characteristics of Gulf War veterans and nondeployed veterans (Table 1) were similar, with the exceptions that nondeployed veterans were older, had more education, and were more often female.
Self-reported symptoms since July 1990. Prolonged (Ն 1 month) symptoms after the war were reported by 55.8% of Gulf War veterans and 31.7% of nondeployed veterans. In addition, Gulf War veterans reported a significantly higher prevalence for 35 of 41 symptoms. We empirically selected the 22 symptoms with a prevalence of at least 5% among Gulf War veterans for presentation and analysis (Table 2) .
Self-reported Gulf War exposures. Gulf War veterans were more likely than nondeployed veterans to report exposure to 26 of 30 listed exposures (Table 3) . To reduce the number of exploratory comparisons, we considered the 11 exposures with a prevalence of at least 5% among Gulf War veterans and an OR Ն 3.0 (Gulf War veteran: nondeployed veteran) for further study.
Pulmonary function, handgrip strength, and nonspecific reactant serum tests. After adjusting for age, height, race, and smoking there was no statistically significant difference between Gulf War veterans and nondeployed veterans with respect to pulmonary airway function (Table 4) . Additionally, pulmonary function did not differ between Gulf War veterans who complained of postwar shortness of breath and other Gulf War veterans (P Ͼ 0.08).
Gulf War veterans had a lower adjusted mean handgrip strength measurement than did nondeployed veterans (Table  4 ). In addition, the 28 Gulf War veterans who reported muscle weakness also had a lower adjusted mean handgrip strength value than did the other 492 Gulf War veteran subjects (P Ͻ 0.03).
Gulf War veterans and nondeployed veterans had similar reactant assay results for C-reactive protein, transferrin, and haptoglobin (Table 4) . The results for the fourth assay, serum ferritin, were statistically different, with Gulf War veterans having a higher adjusted mean result. However, adjusted mean ferritin values for both groups were within normal limits, and there was no statistical difference between Gulf War veterans and nondeployed veterans with respect to the number of survey respondents who had assay levels in excess of the normal range (OR ϭ 1.5, 95% CI ϭ 0.97-2.3).
Psychological morbidity screening and dimension scoring. On the questionnaire, no respondent met the symptom criteria for chronic fatigue syndrome as described by Fukuda and others. 21 Gulf War veterans were more likely than nondeployed veterans to report symptoms consistent with posttraumatic stress disorder (15.2% versus 9.0%, respectively, OR ϭ 1.8, 95% CI ϭ 1.3-2.5). Gulf War veterans scored higher in each of the five symptom dimension scales of the Hopkins Symptom Checklist profiles: somatization, obsessive-compulsive disorder, interpersonal sensitivity, depression, and anxiety (Table 5) .
Symptoms and psychological outcomes versus war exposures. Among Gulf War veterans, nearly all symptom and post-traumatic stress disorder responses were statistically associated with nearly all of the 11 most common Gulf War exposures (Table 6 ). Comparisons of temporal (by month) and geographical (by location) Gulf War exposures with screening for post-traumatic stress disorder and with self-reporting collections of symptoms failed to implicate specific exposures. Exploratory multivariate modeling also failed to reduce the important associations. When specific exposures were isolated or stratified upon, Gulf War veterans were consistently at greater risk of screening for post-traumatic stress disorder compared with nondeployed veterans (Table 7) . No single exposure or group of exposures were implicated as likely etiologic.
Physiologic outcomes versus war exposures. To determine if the abnormal handgrip and serum ferritin test results might be associated with specific Gulf War exposures, we compared these outcomes with 11 of the most common Gulf War exposures (Table 8 ). For 10 of the 11 war exposures, exposed personnel had nonsignificantly better handgrip strength values than nonexposed personnel. The exception, self-reported receipt of botulism vaccine, was not statistically associated with handgrip strength. Elevated serum ferritin levels were also not significantly associated with any of the 11 exposures.
Reliability and validity. Reliability and validity were assessed separately for the different types of questions in the survey. Questions regarding demographics, health habits, and deployment exposures ranged from fair to excellent agreement (Table 9 ). However, the reliability and validity of self-reported symptom and health history data were poor. idence of more postwar psychological morbidity than their peers. 4, 33, [35] [36] [37] Increased symptom reporting and psychological morbidity are difficult to study retrospectively in that both are recognized sequelae of war 36, 38, 39 and both are often comorbid conditions. [40] [41] [42] It is difficult to determine if any individual exposures in the Gulf War might have increased their incidence. Consistent with other investigations, 10, 32, 34, 35 most of the self-reported symptoms were associated with most of the self-reported war exposures (Table 6 ). If a single exposure or group of exposures was responsible for increased postwar symptoms, such exposures might stand out from other exposures. Yet, both by univariate and multivariate methods, we could not isolate or implicate specific war exposures. More interesting were the associations of physiologic test results and nonspecific reactants with war exposures (Table  8) . We reasoned that perhaps these more objective outcomes would implicate specific exposures. Certainly, the 11 exposures we so evaluated have been the subject of considerable discussion. 14, 16, 30, 43, 44 A number of investigators have implicated sand as a possible cause of respiratory and immune disease. 45, 46 Subgroups of Gulf War veterans received immune globulin, anthrax, and botulism vaccines, and it has been alleged these treatments may be associated with postwar illnesses. 14, 16, 47 Exposure to petroleum and petroleum emissions were common in the Gulf War and have been the subject of much discussion. 14, 16, 43, 47 Pyridostigmine bromide and ciprofloxacin tablets were issued to Gulf War veterans as countermeasures for nerve agent attack and anthrax biological warfare attack. 14, 16, 43, 47 Some veterans who ingested these tablets have suggested that they might be a cause of their postwar symptoms. 48, 49 Contact with prisoners of war has also been identified as a possible risk factor for postwar morbidity. 50 * Symptoms and exposure data were self-reported by 527 Gulf War Veterans. Numbers reflect only odds ratios with 95% confidence intervals that exclude 1. Post-traumatic stress disorder was screened for by questionnaire using criteria reported in the Diagnostic and Statistical Manual of Mental Disorders, fourth edition. 22 This was a nonstandardized screening designed to detect differences in populations and should be interpreted with caution.
Pulmonary function tests are a sensitive measure of pulmonary airway disease and both during and after the war, Gulf War veterans had respiratory illnesses. 44, [51] [52] [53] [54] Some scientists have postulated that unusual respiratory-borne pathogens 16, 55 or sand exposure 45, 46 might explain Gulf War veteran postwar morbidity. Although chronic respiratory complaints have been reported among Gulf War veterans, 32, 37 with 7.4% of the participants in the present study reporting shortness of breath for 30 or more days, surveyed Gulf War veterans showed no evidence of impaired pulmonary airway function.
Similarly, many Gulf War veterans have complained of fatigue and muscle weakness since returning from the war. 31, 43 Our handgrip strength test showed a small but statistically significant difference in performance between Gulf War veterans and nondeployed veterans (Table 4) , as well as between symptomatic and asymptomatic Gulf War veterans. However, when specific war exposures were compared with handgrip strength among Gulf War veterans, no war exposure was uniquely implicated as etiologic ( Table 8) . Some of the exposures tested, such as pyridostigmine, have been implicated in other reports as a biologically plausible cause of muscle weakness. [56] [57] [58] [59] Gulf War veterans and nondeployed veterans had similar serum reactant assay results for C-reactive protein, transferrin, and haptoglobin, but they had elevated serum ferritin levels. None of the war exposures was statistically associated with elevation of ferritin levels and no leads for more additional exposure research were identified. Serum ferritin is an extremely sensitive indicator of iron storage status, with hyperferritinemia occurring in the setting of numerous disorders associated with iron overload (hemochromatosis, 60 sickle cell disease, 61 and thalassemia 62 ). Additionally, hyperferritinemia serves as a nonspecific marker for a variety of neoplasms, [63] [64] [65] infectious diseases, 66-68 alcohol ingestion, 69 and a sedentary lifestyle. 70 While we examined self-reported data regarding a number of chronic diseases as well as recent alcohol ingestion experience, we were unable to explain dif- * Post-traumatic stress disorder was screened for by questionnaire using criteria reported in the Diagnostic and Statistical Manual of Mental Disorder, fourth edition. 22 This was a nonstandardized screening designed to detect differences in populations and should be interpreted with caution. CI ϭ confidence interval, NA ϭ not applicable. ferences in serum ferritin assay results between Gulf War veterans and nondeployed veterans. Gulf War veterans had higher scores than nondeployed veterans for all five dimensions of the Hopkins Symptom Checklist; nevertheless, with the exception of somatization, their scores were low compared with individuals clinically diagnosed with psychological disorders (Table 5) . 23 Gulf War veterans' higher scores for somatization, the reporting of symptoms that have no pathophysiologic explanation, are consistent with a modern national trend of decreased tolerance for mild symptoms. 71 The Hopkins Symptom Checklist has been used to screen populations for anxiety, 72 depression, 72 and post-traumatic stress disorder, 73 as well as to follow therapeutic interventions. 74 Using linear regression, we compared the Hopkins Symptom Checklist dimensions with individual exposures and found that each of the psychological symptom dimensions was associated with many of the war exposures. As with the univariate studies of symptoms and exposures, we were again unable to isolate unique specific war exposures for more comprehensive study.
Recently, investigators from the University of Texas Southwestern Medical Center (Dallas, TX) found frequent symptom reporting among 249 Seabee reservists from Naval Mobile Construction Battalion 24 who were veterans of the Persian Gulf War. 75 Through factor analyses, they derived a number of symptom factors and have postulated several clinical syndromes, 18 which they hypothesize may be associated with specific exposures during the Gulf War. 75, 76 It is interesting that among our study subjects, many of whom slept and worked in the same areas as did the Battalion 24 Seabees, the reported war exposures were quite different. Haley and Kurt 76 identified the wearing of pet flea collars and the alleged exposure of a chemical weapons attack as important risk factors for two of their syndromes. Few of our survey respondents reported these exposures. While Haley and Kurt implicated pyridostigmine bromide as an important risk factor for muscle weakness, 76 our handgrip strength testing did not validate this finding.
One might reason that our study, like other studies of Persian Gulf War veterans, 10, 32, 33 failed to identify unique war exposures causing postwar morbidity because the wrong questions were asked or the wrong populations were queried. Perhaps the sickest Gulf War veteran Seabees had already departed from the military. However, we did include a comprehensive list of questions that addressed nearly every hypothesis regarding Gulf War exposures and these 527 Gulf War veteran Seabees did self-report an elevated prevalence of symptoms compared with 970 nondeployed veteran Seabees. Additionally, other study data have demonstrated that Gulf War veterans were not separating from military service for medical reasons at higher rates than nondeployed veterans. 4 While we are continuing to examine these data and more symptom studies are in progress, with more likely to be conducted in the future, 16, 30 the body of published symptom literature and the poor reliability of symptom reporting suggest that such future studies will also fail to implicate unique exposures. 12 It is doubtful that we will implicate or rule out specific war exposures as a cause of postwar morbidity without more objective exposure and clinical data.
More likely than a specific exposure as a cause of postwar morbidity are the aggregate exposures of wartime deployment. Certainly, the many stressors of war military service have historically been associated with increased symptom reporting and psychological morbidity, both mild and incapacitating. 30, 33, 36, 39, [77] [78] [79] Our self-reported symptom and posttraumatic stress disorder outcomes were associated with many of the war exposures, thus supporting this hypothesis (Table 6 ). Additionally, when we stratified upon reporting individual exposures, Gulf War veterans remained at increased odds of reporting symptoms consistent with posttraumatic stress disorder for many of the exposures, suggesting that none of the exposures was individually implicated (Table 7) .
Our survey has a number of strengths. It was conducted among regular, active-duty personnel who have made numerous foreign deployments and experienced military-related exposures both inside and outside the Persian Gulf area for at least four years. Our study had an internal comparison cohort from which to contrast Gulf War veteran symptoms and morbidity. Many reports of Gulf War related morbidity have been anecdotal and without such an appropriate comparison group. [80] [81] [82] Our study populations, who worked full time as military personnel, are less likely to have confounding occupational exposures than reserve populations, 18 who perform their military duties only several days each month.
Our survey also has a number of limitations. With so many comparisons, it is likely that some of the statistically significant findings may have occurred by chance. Our findings should be viewed in light of the many perceptual and response biases likely to be operant in this setting. 83, 84 Recall bias is particularly evident in the symptom reliability data from this study ( Table 9 ).
The present survey results confirm that many Gulf War veterans report a high prevalence of postwar symptoms and have evidence for psychological morbidity. Although two of six physiologic or laboratory tests differed between study groups, we were unsuccessful in identifying a specific war exposure that might explain these test differences. It seems likely that no one war exposure is etiologic for postwar symptom reporting. Instead, our findings are consistent with the thesis that the aggregate stressors of war are a more likely explanation.
